THIS  REPORT  HAS  BEEN  DELIMITED 

,;nd  cleared  for  public  release 
UNDER  DOD  DIRECTIVE  5200.20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE. 


DISTRIBUTION  STATEMENT  A 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED. 


rmed  Services  Technical  Informatien  (Igen 

Beca'iise  of  oxir  lisvited  'supply,  you  are  requested  to  return  this  co;.iy  WHEN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  ava;llable  to  other  requesters.  Your  cooperation 
■will  be  ai^reciated^  ^ 


f OTlCE:  WHEN  GOVERNMENT  OR  OTHER  DRAWnfOS,  SPECIFICATIONS  OR  OTHER  DATA 
^IIETJSED  for  any  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
i*DVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
ro  RESPONSIBILFTY,  NOR  ANY  OBLIGATION  WHATSOEVER:  AND  THE  FACT  THAT  THE 
rOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
iJD  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGAINED  BY 
VtPLICATION  OR  OIHERWISE  AS  IN  ANY  MANNER  UCENSLNG  THE  HOLDER  OR  ANY  OTHER 
•ICRSON  OR  CORPOISATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
ilE  OR  SELJ.  ANY  PATENTED  INVENTION  THAXTdAY  IN  ANY  WAY  BE  RELATED  THERETO. 


Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BillLDINO,  DAYTON,  2,  OHIO 


February  195^1' 
University  of  Wichita 
School  of  Engineering 
Wichita,  Kansas 


PERFORMANCE  TEST  OP  A SIDE -INLET, 

STEAM -TO -AIR  JET  PUMP  WITH  AN  INBOARD  NOZZLE 

by  A.M.  Heinrich 


Engineering  Report  No.  I3I 


for  the  Ofitoe  of  Naval  Research 
Contract  N-onr  POl(Ol) 


February  195^ 
University  of  Wichita 
School  of*  Engineering 
Wich^te,  Kansas 


TABLE  OP  CONTENTS 


LIST  OP  FIGURES 

SUMMARY 

INTRODUCTION 

SYMBOLS  AND  ST.fBSCRIP'L.’S 

APPAR.'^TUS 

TESTS 

Measui  T^ments 
Data  RecOi'-ded 
PERFORMANCE  ANALYSIS 
RESULTS  AND  DISCUSSION 
CONCLUSIONS 
REFERENCES 
APPENDICES 

A.  - Steam  Nozzle  Doelgn  ard  Callbi'atlon 
3.-  Steam  Generator  and  Superheater 
C.-  Test  Lopr  of  SISA-1  Jot.  Pr,mp 
FIGURES 


1 


Pape 

11 

1 

1 

2 

3 


5 

5 

7 

8 
8 

9 

16 


26 


-'(V'K  li*fe,VSi  ' 


. asis^ 


.-v*# 


LIST  0?  FIGURES 

Figures 

1. -  Planforrn  outline^  slde'-irlet , Ktearu-alr  ,1et  pump, 

2. -  Cross  section  of  SISA-1  .^et-purap  at  no^izle  exit. 

3. -  Slde-lnlet,  steam  jet  pump  with  an  Inboard  nozzle. 

4. -  Arrangement  of  mixing-tube  pressure  taps  and  throat -- 

adjustment  bc?ts. 

3.-  Exit  orifice  installation. 

6. -  arrangement  of  mixing-tube  static  pressure  taps. 

7. -  Arrangement  of  suction-slot  pressure  taps. 

3.-  Suction  sloe,  static -pressure  tay)S  and  casca.ded 
mixing-tube  throat. 

9.-  Multitube  manometer  with  static  pressures  nf 
suction  slot  on  left  and  mixing-tube  throat 
on  right. 

10. -  Multitube  manometer  wit'n  mixing-tube  static  pi’essures 

on  right  and  inboard  suction-slot  static  pressures 
on  left. 

11. -  Instrumentation  schematic. 

12. -  Mixing-tube  temperature  survey  probe. 

13. -  viix i rii'-t ube,  total-pressure  survey  probe. 

14. -  Variation  of  pressure  ratio  with  mass  ratio. 

13.-  '''cO'iai;  lor,  of  efficiency  vilth  mass  ratio. 

16.-  Lisfribut  on  of  available  energy  efficiency. 


17.- 


. X 

18 . - 

19.- 

ft 

20.  - 

0 ■’ 

^ 1.  , 

Varlatlon  of  suction -duct,  to  cal -pressure  loss  wltVi 
flo'^  ouantity. 

Influence  of  jet  total  oressure  and  pressure  ratio 
on  r.uct ion-slot  quantity  distribution. 

GucM.  or  d'jct  flow  pattern  with  slot  and  throat 
throi:  tiing. 

Suction-slot  width  variation. 

Mix  Vng- tube  entrance  throat  wiclth.s. 


11 


"P  O ^ 

..  ■ 

I 

26  i 

1 

27 

28 


?Q 


on 

^7 


30 

31 

31 


32 


33 

34 

35 

36 

37 

38 

39 

40 

47 


4S 

50 


ill 


\ 


L 


Figures 


22.-  Influerce  cf  Jet  total  pressure  and  pressure  ratio  51 
on  throat  static-pressure  distribution. 


23.-  Influence  of  let  total  pressure  and  slot  throttling  53 
on  mixing-tube,  static-pressure  distribution . 


24-.  - Influence  of  Jet  total  pressure  and  pressure 

ratio  on  ralxlr.g-tube , total-pressure  distri- 
bution. 


25.-  Influence  of  Jet  total  pressure  and  pressure 
ratio  on  temperature  distribution. 


SUMMARY 

An  experimental  Investigation  was  conducted  to  determine 
the  performance  of  a slde-lnlet,  steam-to-alr  Jet  pump  with  an 
Intoai^  nozzle.  A Jet  pump  frith  a cylindrical  mixing  tube  was 
tested  for  mass  ratio,  pressure  ratio,  and  efficiency.  The 
transfer  of  the  available  energy  In  the  primary  flow  to  the 
secondary  flow  and  the  Influence  on  performance  of  controlling 
the  direction  of  secondary  air  flow  Into  the  mixing  tubs  were 
also  Investigated. 


Performance  curves  are  presented  tojfether  with  curves 
showifjg  mlxlng-tube,  cross-sectional  distributions  of  temperature 
and  total  pressure  taken  at  several  survey  stations.  This  report 
Is  the  first  In  a series  on  Jet  pumps  wit’n  different  taper  ratio 
mixing  tubes. 

INTRODUCTION 

The  application  of  circulation  control  to  an  airplane 
wing  has  bsen  proved  practical  and  advantaxreous . A typical 
form  of  application  consists  of  combined  sucking  and  blowing 
air  through  slots  adjacent  to  trulllng-edge  flaps  and  ailerons 
(the  'Arado*  system).  Since  the  basic  structural  components 
of  an  airplane  wing  era  generally  located  In  the  forward  area 
of  the  wing  a pumping  system  for  circulation  control  may 
conveniently  fit  within  the  area  between  flaps  and  ailerons, 
and  the  rear  span. 

The  pumping  unit  for  such  a circulation  control  system 
may  take  the  form  of  a Jet-pump,  which  Is  light  in  weight  and 
simple  in  operation,  The  suction  section,  or  Intake  of  the 
pumping  unit,  requires  a compact  arrangement  of  suction  slot 
and  Jet-pump  mixing  tube;  this  led  to  the  concept  of  the  slde- 
Inlet-flow  Jet  pump.  A short,  direct  flow  path  Is  thereby 
provided  for  the  secondary  air  to  the  mixing  tube.  It  Is  the 
suction  duct  and  mixing  tube  of  such  a system  that  Is  the 
subject  of  this  report  (see  fig.  l).  The  particular  arrangement 
(SISA-l)  involved  a cylindrical  mixing  tube. 

» 

A primary  fluid  with  knovm  thermodynamic  properties  was 
desirable.  This  fluid  had  to  have  a variable  energy  level  and 
It  was  desirable  that  1 1 be  produced,  by  an  easily  conti>olled 
generator^  The  energy  level  and  characteristics  of  the  primary 
fluid  were  to  be  comparable  to  those  of  an  actual  installation. 
Superheated  steam,  since  It  conveniently  simulated  products  of 
combustion  (of  iiydrogen  peroxide),  was  selected  as  the  primary 
fluid. 
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The  purpose  of*  this  I’eport  ’fas  to  organize  the  data 
and.  present  the  test  ' jsults  In  a manner  usable  for  '^ubser;  ien 
comparative  evaluatit.  . Also,  the  experimental  procedures 
have  been  explained  The  design,  construction  and  tests 
the  Jet  pump  were  performed  by  the  University  of  Wichita, 
School  of  Engineering  under  the  authority  of  Contract  M-onr 
201(01)  from  the  Air  Branch  of  the  Office  of  Naval  Research. 
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SYMBOLS 

diameter  of  mixing  tube  or  orifice,  inches 
length  of  mixing  tube,  inches 
mass,  sluga 

mass  density,  slugs/ft^ 
heat  quantity,  BTU 
enthalpy,  BTU/lb 
absolute  temperature,  ®R 
temperature 

total  pressure,  Ibs/ft^ 
static  pressure,  Ibs/ft^ 
power,  ft-lb/sec 
work,  ft -It' 

mechanical  equivalent  of  heat,  7?h  ft-lb/BTU 

velocity,  I't/sec 

local  velocity,  ft/sec 

gravitational  acceleration,  ft/sec^ 

volumetric  flow  rate,  ft^/sec 

weight  flow  race,  Ibs/sec 

pressure  ratio  = pt^/p^^ 

mass  ratio  = Wg/w^ 

efficiency  = Peff''^^ln 
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SUBSCRIPTS 

0 free-atream  or  amblenc  conditions 

; ' ■ > . , 

1 auotton-alot  condition 

2 mixing --tube -entrance,  throat  COTj  dltion 

3 mixing-tube  exit  condition 

AE  available  energy 

6 nozzle  exit 

f friction 

J primary  or  Jet  flow 

s secondary  flow 

m mixture  of  primary  and  secondary  flow 

X axial  position  from  the  Inboard  end  of  mixing  tube 

In  Input 

eff  effective 


apparatus 

Plgures  1 through  8 show  the  constructional  details  and 
arrangement  or  tho  6lde-lnlet , stream-to-alr  Jet  pump.  The 
principle  parts  of  the  model  were  fabricated  from  sheet  metal 
and  supported  by  a plywood  framework.  This  assembly  was  mounted 
on  and  held  In  position  with  respect  to  the  Jet  nozzle  by  an 
adjustable  metal  stand  attached  to  the  floor. 

Schematics  of  the  slde-lnlet  steam  Jet  pumps  are  shown 
as  figures  1 and  2.  The  secondary  air  enters  the  suction  slot, 
traverses  the  suction  duct  and  enters  the  mixing  tube  through 
the  throat  cascade.  Within  the  mixing  lube  the  secondary  air 
mixes  with  the  higher  velocity  primary  Jet.  Energy  of  the 
primary  Jet  is  transferred  to  the  seoonaary  air  during  the 
mixing  process  and  the  mixture  is  then  ejected  through  cut- 
diffuser  and  blowing  tube. 

The  modal  physical  variables  included  suction-slot  width, 
mixing-tube  entrance  throat  width,  and  exit  throttle  diameter. 
Width  of  the  suction  slot  was  controlled  by  ad justnientment  of  the 
Intake  throttle  shORn  In  figure  2.  The  throat  wlath  was  con- 
trolled by  adjustment  of  the  bolts  attached  to  tho  suction  duct 
at  the  throat  as  shown  in  figures  2 and  4.  Figure  5 shovis  the 
installation  of  an  orifice-type  exit  throttle,  and  figures  6 
and  7 show  typical  test  setups. 
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For  the  pressure  measurements  a variety  of  manomebors 
were  used  as  shown  In  figures  9 and  10.  An  Instrumentation 
schematic  Is  given  as  figure  11.  Alcohol  was  used  as  the 
manometer  fluid,  except  In  the  few  cases  where  mercury  was 
nscesseiry.  Ambient  air  and  liquid  temperatures  were  taken 
with  mercury  thermometers,  while  Iron-oonstantan  thermocouples 
were  used  to  measure  steam  temperatures  with  an  Indicating 
potentiometer. 

A total-pressure  survey  tube  and  a temperature  survey 
probe  were  constructed  to  give  approximately  the  stagnation 
conditions  (l.e.,  turbulence  effects  and  recovery  faoto*-  were 
neglected)'.  It  was  found  necessary  to  Insulave  the  temperature 
probe  tip  from  the  brass  body  to  reduce  heat  transfer.  Phenolic 
fiber  V7as  satisfactory  for  this  p'orpose. 

The  primary  fluid  (superheated  steam)  was  supplied  by 
a Besler  Corporation  steam-generator-superheater  system.  These 
units  supplied  steam  at  pressures  from  225  to  325  pslg  with 
temperatures  from  saturation  to  650®P.  A description  of 
this  equipment  Is  given  in  Appendix  B and  reference  2.  The 
steam  nozzlos  were  designed,  fabricated  and  calibrated  as 
described  In  Appendix  A. 


TESTS 


The  test  procedures  and  data  r>-uor^lng  were  In 
accordance  with  the  nr«-test  report  (Hef.  1).  Initial 
adjustments  of  the  throat  and  slot  widths  were  accoi>ip?  ished 
In  a series  of  short  runs  to  obtain  the  desired  suctlon- 
slo^  flow-quantity  distribution.  The  maximum  mass  ratio 
was  obtained  by  adjustments  of  the  suction-slot  throttle 
rather  than  the  entrance  throat.  Suction-slot  throttling 
was  used  for  all  tests  subsequent  to  this  Initial  Investi- 
gation, even  though  secondary-flow- quantity  distribution 
was  more  difficult  to  obtain  with  suotlon-slot  throttling, 
and  large  spanwlse  slot-width  variations  were  required. 

The  following  aoasurements  and  variations  to  the 
model  configuration  were  then  performed. 


Measurements . - 


1. 

2. 

4] 


5. 

6. 


Suction  slot  area. 

Mixing- tube- entrance  throat  area. 

Suction  slot  static-pressure  distribution. 

Mlxlng-tube  entrance  throat  statlo- 
pr-c.'asure  distribution. 

Mlxlng-tube  cross-sectional,  total- 
pressure  distribution. 

Conf  Igurat  lot,  changes ; 

Repetition  of  the  above  measureuents 
in  successive  steps  froui  the  condition 
of  an  open  exit  tube  to  a condition  of 
restricted  exit  producing  Incipient 
reverse  flow  in  the  suction  slot. 


Data  Recorded.-  All  data  listed  under  'Measurements'  were 
recorded,  together  with  the  following: 

1.  Suction-slot  air  temperature. 

2.  Throat  air  temperature. 

3.  Mlxlng-tube-f low  temperature  distribution 

at  each  survey  station. 

4.  Steam  temperature. 

5.  Steam  pressure. 

6.  Barometric  pressure. 


PERPOHMANCE  ANALYSIS 


I 


The  'et-pump  performance  parameters  were  detailed  in 
the  pretest  report  (Eef.  1).  The  influence  of  specific 
impulse  on  performance  will  be  evaluated  later.  Total- 
pressure  losses  in  the  suction  duct  were  determined  from 
average  velocities  and  pressures  found  by  integrating  the 
f low-auantity  distribution  curves.  The  throat  flow  distri- 
bution was  not  similar  to  the  slot  distribution  because  of 
cross  flow  in  the  suction  duct  (Fig.  25),  Therefore,  the 
spanwise  variation  of  the  losses  was  not  determined. 

The  average  suction-duct  loBses  were  determined  by 
the  following  procedure- 

a)  Bernoulli's  equation  at  the  suction^slot  is 

Pto  = Pto'^Pl  ~2^  ’ "Pi  " • 

This  relation  was  used  to  calculate  the  suction  slot  vel- 
ocities which  then  gave  the  secondary  flow  quantity  by 
Integration  across  the  slot. 

b)  The  suction-slot  quantity  was  temperature 
corrected  for  conductive  heating  effects  by 

q2  = qi  — , since  the  flow  was  essentially 
'^1 

incompressible . 


from 


o)  Then  an  average  throat  velocity  was  calculated 

V - ‘’2 


d)  Finally,  the  approximate  total-pressure  loss 
In  the  suction  duct  resulted  from  the  relation 

I (PtQ+P2)  + |f’2vi]  =-P2-  |p.2V| 


- mil 


s 
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The  efficiency  of  the  Jet  pump  was  determined  from 
the  ratio  of  effective  power  output  to  power  Input.  The 
effective  power  output  was  defined  as  the  summation  of  the 
products  of  the  primary  and  secondary  flow  quantifies  and 
their  respective  adiabatic  pressure  changes  (Ref.  1): 

Peff  = (Pt3  - Pti)  + qj  (Pt3  - Pto^* 

The  power  Input  (Ref.  1)  was  defined  as  the  product  of  the 
primary  weight  flow  rata  and  the  enthalpy  change  through  the 
nozzle,  where  the  enthalpy  change  Included  the  effects  of 
fr let ion; 


P — w J • 

The  efficiency  was  therefore - 

_ ^eff  _ ^s(Pt3"Pti  )-*-<lj(Pt3-Pto) 
“ pI^;  wjAhj 


The  mass  ratio  was  exprecsed  by  the  secondary  to 
primary  weight  flow  ratio, 


The  available -energy  efficiency  at  any  point  In  the 
mixing  tube  was  the  ratio  of  the  local  available  energy  of 
the  mixture  to  the  available  energy  of  the  primary  flow  at 
the  nozzle.  This  efficiency  varied  through  the  mixing  tube 
as  the  primary-flow  energy  was  transferred  and  dissipated 
by  the  mixing  process.  At  any  point  the  available  energy 
was  the  sum  of  the  kinetic  energy  and  pressure.  The  energy 


ratio  was 

^AE, 


I PJVI 


The  change  cf  avallHbTe  energy  through  the  mixing 
tube  Indicated  the  araount  of  energy  transferred  frn.n  the 
primary  flow  by  adiabatic  compression  minus  that  dissipated 
by  turbulence. 

The  Jet-pump  pressure  ratio  was  defined  as  the  ratio 
of  the  mixed-flow  total  pressure  to  the  ambient  total 
pressure 

_ P^3 

Pto  ■ 


a 
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RESULTS  AND  DISCUSSION 

Figures  14  through  17  show  the  perf oraance  of  the  slde- 
Ir.let  Jet  pump  tested.  The  secondary  mass  flow  increased' as 
a function  of  the  “jirlmary^  mass  flow  {fig.  18)  , but  the  mass, 
ratio  decreased  due  to  the  Incrseise,  in  pressure  ratio 
(fig.  14).  The  pressure  ratio  Increase  resulted  from 
forcing  3ai-ger  quantities  of  mixture  through  the  same 
blowlng-tu'be  exit  area.  The  effects  of  greater  prv?ssiire 
ratios  are  given  by  flares  14  and  I5.  The  highest 
pressure  ratio  was  measured  at  the  point  of  Incipient 
reverse  flow  In  the  suction  slot.  Higher  pressure  ratios 

• would  have  resulted  In  a rapid  decrease  in  mass  ratio. 

Figure  18  shows  the  Influence  of  the  variables  of 

* primary  pressure,  pressure  ratio,  slot  throttling,  throat 
throttling,  and  cascades  on  suction-slot  quantity  distri- 
butions. Comparison  of  secondary-flow  distributions 
secured  by  adjustments  of  tne  tbroat  and/or  the  slot 
showed  that  slot  ad justrnent  for  desired  quantity  distri- 
bution with  constant  throat  produced  the  most  secondary 
flow  quantity,  and  therefore  the  largest  mass  ratio. 

This  may  not  be  true  for  a tapered  mixing  tube  since  the 
mixing-tube  flow  conditions  control  the  suction-duct  flow. 

Cascades  In  the  inboard  12  Inches  of  throat  critically 
Influeroed  the  performance  while  the  remainder  had  only  a 
slight  Infiuexioe  on  the  performance.  Removal  of  all  the 
cascades  caused  intermittent  reverse  flow  In  the  outboard 
throat  area  and  a strong  rlng-vortex  In  the  mlxxng  tube 
at  the  Inboard  end  around  the  nozzle  flow. 

Figure  19  shows  the  influence  of  slot  throttling 
on  the  direction  of  air  flow  in  the  suction  duct.  The 
variations  of  the  slot  and  throat  vrldths  to  obtain  the 
desired  quantity  distributions  are  shown  In  figures  20 
and  21. 

/ 

The  throat  and  ralxing-tubc  static  pressure  distri- 
butions, figures  22  and  23,  showed  that  most  of  the  mixing 

' took  place  within  the  inboard  I6  inches  of  the  mixing  tube. 

Available-energy  efficiency  distribution  also  showed  this 
to  be  true  (Pig.  16).  This  'effective'  mixing  zone 
appears  in  all  Jet -pumps  (Refs.  4 and  5).  Although 
pressure  surveys  were  not  taken  inboard  of  station  I6  the 
mixing-tubs  -sur-face  temperatures  Indicated  that  the 
effective  mixing  zone  extended  12  inches  downstream  from 
the  nozzle.  The  end  of  the  offective  mixing  zone  is 
usually  considered  as  the  point  where  the  mixed  flow  first 
fills  the  entire  tube  cross  section. 
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Cro8s-s90tlon  survey  profiles  of  total  pressure  and 
temperature  In  the  mixing  tube  are  shown  in  figures  24  and  25. 
Average  values  of  the  integrated  horizontal  a'pd  vertical  pro- 
files of  the  total  pressure  distribution  oombined  with  the 
static  pressure  were  used  to  roughly  oaloulate.  the  looei 
available  energy  of  the  mixing  tube  flow.  The  tanperature 
surveys  were  taken  ~o  supplement  the  total  pressure  surveys 
for  the  study  of  mi;  ng  oharaoteristios.  In  figure  25  the 
temperature  profiles  indicate  by  their  magnitude  the  areas 
of  mixed  and  unmixed  flow.  The  areas  of  unmixed  flow,  In- 
dicated by  low  temperatures,  were  adjacent  to  the  mlxing^tube 
entrance  throat. 

The  performance  of  the  steaa-t o-alr  Jet  pump- 
tested  was  not  ocnsidarsd  optliaum  because  of  rough  surfaoes, 
sharp  oomere,  eto.  However,  the  performance  analysis  for 
a tapered  mixing-tube  Jet-pump  of  similar  construction  will 
show  comparatively  the  importance  of  mlxlng-tube  shape.  Also, 
these  analyses  will  show  the  relative  merits  of  secondary  flow 
guidance  and  distribution  metnuds. 

CONCLUSIONS 

Tests  of  a side-inlet,  steam-to-alr  Jet  pump  with  an 
Inboard  nozzle  and  a oyllndrloal  mixing-tube  have  shown 
this  arrangement  to  have  high  losses  and  poor  suotion-slot , 
quantity-  distribution  properties.  The  high  losses  were 
ascribed  to  the  extreme  suotion-slot  throttling  required 
for  Intake  flow-quantity  distribution  and  to  the  uncontrolled 
dissipation  of  the  primary  flow  in  the  first  part  of  the 
mixing-tube. 

Further  tests  should  be  conducted  with  various  taper- 
ratio  mlxlng^tubss  to  determine  the  Influence  of  this  factor 
on  the  control  of  the  mixing  process  and  secondary  flow- 
quantity  distribution. 
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STEM  NOZZLE  DESIGN  AND  CALIBRATION 


The  design  of  the  supersonic  steam  nozzle  was  based  on 
the  adiabatic  expansion  of  superheated  steam  through  a conver- 
gent-divergent passage.  The  flow  vras  corrected  for  the  enti'opy 
Increase  due  to  wall  friction.  Since  very  little  cf  the  expan- 
sion was  to  take  place  In  the  saturated  or  supersaturated 
region,  the  losses  for  droplet  lag  and  supersaturation  were 
considered  negligible.  The  upstream  velocity  was  also  negligible 
since  It  was  small  compared  to  the  nozzle  velocity. 


Given;  Nozzle  as  shown  in  figure  A1  and, 

1.  Quantity  - 810  Ibs/lir 

2.  Initial  state  pressure  - 300  psla 

3.  Initial  state  temp.  - 6^0°F 

4.  Pinal  state  pressure  - 14.7  psla 

3.  Nozzle  efficiency  96  percent  (4  percent  friction  loss). 

From  steam  tables  or  Molller  diagram; 

Si  = 1.652  Btu/lh  = initial  state  entropy 
hi  = 1342  Btu/lb  = Initial  state  enthalpy 

for  superheat»3d  steam  wlti  k = 1.3 

Pth/PtL  =0.545 

where  = throat  pressure 

Ptl  ~ Itiltlal  state  pressure 
p^^  = .545  X 300  = 163.5  psla 
= si  = 1.652  Btu/lb 

tth  = 504°F 

= 3,382  ft^/ib  = throat  specific  volume 
hth  = 1274.87 

Vth  = / 2g.r  (hi  - hth)  when  hg  = htp 

Vth  = 224  7 1342  - 1274.87  = 1840  ft/sec 

Atv,  = 8,10  X 3.38?_j&..144  = .0596  In^ 

3600  X 1840 

di&th  " /To 59 6 X ^ 

7 TT 


.2755  inches 


Vq  = 224  v'  1342  - 1080  = 3620  f t/eec 

8l  - 6f2 

quality  = x 100  » 92.73  peroent 

ve  = XeVfg^ 

Ve  = .02  + (.9275)(26.8)  = 24.8?  ft3/lb 
A«  = ^^x.^4_^8.7  X .144  = 223  li^^' 

3600  X 3620 

dlag  = yi2Z2_xJ5  = .533  m 

THROAT  AREA  CORRECTION  FOR  FRICTION 


Pth  ==  163.5  psia 
Vtv,  = 224  7 .96  J 


= 1800  ft/soc 


Reheat  to  throat  = .04  x 6/  13  = 2.685  Btu/lb 
hth  = 1274.87  + 2.685  = 1277.56  Btu/lb 
tth  = 510«P 
vth  = 3.416  ft^/lb 
^th  ~ — ■3.».4l6  \ 144  = .0615 

3600  X 1800 


1 . — / < 1 K I C 

‘-•cn  / 

7 TT 


= . 26o  in 


EXIT  i\REA  CORRECTION  FOR  FRICTION 

Vq  = 224  = 3550  ft/sec 

Reheat  to  exit  = .04  x 262  = 10. 5 Btu/lb 

h^  = 1080  + 10.5  = 1090.5 

Xq  = 100  - 6.5  = 93.5  percent 

Vq  = .02  + (.935) (26.8)  = 25  ftVlb 

Aq  = = .229  m2 

3600  x 3550 


= .54  In 


f 1 
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The  nozzle  layout  was  arbitrarily  selected  to  give  a 
smooth  round  entrance  to  the  throat  and  a straight  taper  from 
the  throat  to  the  exit.  Figure  A1  shows  the  cross-section  of 
the  nozzle.  The  nozzle  was  machined  from  stainless  steel  with 
extreme  internal  dimensional  control  and  then  polished. 


A nozzle  calibration  was  performed  througVi  timed  1 
measurement  of  inlet  and  waste  flow  of  water  to  the  stream  \ 
generating  unit.  These  flow  rates  were  determined  at  various  j 
pressures  and  temperatures  and  plotted  as  figures  A2  and  A3.  ! 
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STEAM  GENERATOR  AND  SUPERHEATER 


— IT- 

« • \ 


Stoam  for  the  primary  fluid  «as  prrluced  by  a Bealsi' 
Model  85  generator  (Pig.  Bl).  This  generator  is  a package 
unit  containing  the  boiler,  auxiliaries,  and  aiu:* liary  drive 
motor  inoorporporated  within  a single  framework.  The  unit 
iE  regulated  by  an  air-operated,  modulation  control  system. 
The  control  system  will  mairitain  a constant-pressure  supply 
of  steam  at  a given  flow  rate  up  to  a maximum  of  250O 
pounds  per  hour.  A change  in  either  the  pressure  and/or 
the  flow  rate  requires  readjustment  of  the  control  system. 

A Besler  superheater  (Fig.  B2)  was  used  to  super- 
heat the  steam.  It  is  a small,  compact  unit  that  burns 
diesel  fuel  and  uses  ilO-volt  ingle-phase  power  for 
operation.  An  electric  motor  drives  the  blower  and  fuel 
pump  and  the  110  volt  power  is  transformed  to  10,000 
volts  and  imposed  across  a set  of  electrodes  for  oon'bustlon- 
chamber  ignition.  Temperature  control  is  obtained  by  a 
thermostatically  actuated  fuel  bleed  control.  Manual 
adjustment  of  the  spring  tension  in  this  device  regulates 
the  fuel  flow.  The  unit  with  lt«  integral  fuel  tank  is 
portable  and  requires  only  the  availability  of  110-volt, 
single-phase  power  for  operation. 

The  rectangular  manifold  over  the  waste  steam  line 
sho’.fn  in  figure  Bl  is  a condenser  used  to  facilitate 
measurement  of  the  genez’atcr  waste  flow  for  nozzle 
calibration  purposes. 
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APPENDIX  C 


TEST  LOG  OF  SISa-1  JET  PUMP 
Runs  SISA-1-1  through  SISA-1  2? 


r 
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TEST  LOC,  SISA-l  .PET  PUMP 


Run  No.  Conf I'.guratlon 

1 Throat  width  A. 

Slot  width  1.6  Inchefj. 
constant. 

2 Throat  width  B, 

Slot  width  1.6  Inches, 
constant . 

3 Throat  width  E. 

Slot  width  0,8  Inciies, 
constant , 


4 Throat  width  C. 

5?' (.it  soapc  throttle  A. 

5 Throat  width  C. 

Slot  shape  throttle  5. 


6 Throat  width  C. 

Slot  shape  throttle  B. 
Sonic  nozzle  this  run 
only. 


7 Throat  width  0, 

Slot  chaps  throttle  C, 


8 Throat  width  C. 

Slot  shape  throttle  D. 


9 Throat  width  0. 

Slot  shape  throttle  E, 


Remarks 

Outboard  suction  slot 
flow  too  small  to 
measure , 

Entire  suction  slot 
flow  too  small  to 
measure . 

Suction  slot  flow  dis- 
tribution measured. 
Distribution  fairly 
constant  over  inboard 
half  of  suction  slot 
and  diminishing  to 
negligible  flow  at 
outboard  end  of  slot. 

Suction  slot  flow  dis- 
tribution measured. 

Suction  slot  flow  dis- 
tribution recorded. 

Mixing  tube  static 
pressure  gradient 
recorded. 

Suction  slot  flow. 
Distribution  recorded. 
Mixing  tube  static 
pressure  gradient  recorded. 
Nozzle  flovj  case  of 
extreme  under-expansion. 

Suction  duct  outboard  of 
station  42.3  blocked  off. 
Measurements : 

a.  Suction  slot  flow 

b.  Mixing  tube  static 
pressure 

c.  Total  pressure  survey 
at  mixing  tube  station 
A (vertical  only). 

Measurements : 

a.  Suction  slot 

b.  Mixing  li^be  static 
pressure  distribution. 

.Measurement  c; 

a.  Suction  slot  f’low 
b i-'i-cing  tube  static 

pressure  distribution. 


Bur)  N Oj_  Gonf l>rurat;lon 


Remarks 


10  Throat,  width  C.  Total  pressure  probe  tube 

Slot  shape  throttle  V.  diameter  Increased  to 

prevent  moisture  clogginr;. 
Measurements : 

a.  Suction  slot  flow 

b.  Mlxing->tube  static 
pressure 

c.  Mixing-tube  total 

o o f t i 

tlon  at  stations 
A and  D. 


12. 


13 


14 


Throf.c  wldtn  C.  Measurements: 

Slot  shape  throttle  P.  Saroe  as  10  except  total 

pressure  taken  at  sta- 
tions A through  D. 


Throat  width  C.  Temperature  probe  tried  and 

Slot  shape  throttle  P.  found  to  have  intolerable 

heat  transfer  I'rorii  body  to 
tip. 

Mensuroiiients; 

a.  Hlxing-tubs  total 
pressure  distribution 
taken  at  stations 

E and  P. 

b.  Klxing-tube  t-e.’upera- 
ture  distribution 
taken  at  stations  A 
through  P. 


Throat  vYldta  0.  Temperature  probe  xsith 

Slot  shape  throttle  P,  phenolic  Insulated  tip 

proved  satisfactory. 
Measurements: 

Temperatuf'e  survey  taken 
at  ralxlng-tube  stations 
A through  P. 


Throat  vrldth  G.  Suction  duot  flow  direction 

Slot  shape  throttle  P.  studied  with  a wool  tuft. 

Measurements : 

a.  Temperature  and  total 
pressure  survey  taken 
at  mixing  tube  station 
P, 

b.  Suotlon  slot  flow 
G.  Mixing-tube  static 

. presBiu'e  distribution 

d.  Suction  slot  tempera- 
ture distribution, 

I 

I 


Re marks 


\ 


! 


I 


I 

1 


1 

I 

I 


I 
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Run  No. 


Configuration 


15  Throat  vfldth  C. 

Slot  shape  throttle  P. 


Caaoaded  turning 
vanes  removed  from 
throat. 


16  Throat  width  C. 

Slot  shape  throttle  F. 

Cascaded  turning  vanes 
in  inboard  12  Inches 
of  throat  only. 


17  Throat  width  C. 

Slot  shape  throttle  F. 

Cascaded  turning  vanes 
in  inboard  20  Inches 
of  throat  only 


18  Throat  width  C. 

Slot  shape  throttle  P. 
CftRoaded  turning  vanes 
in  Inbof.rd  12  inches  of 
throat  only. 


Intermittent  reverse  fDow  at 
outboard  end  of  suction  slot 
Surface  tsmpo.rature  and 
static  pressure  of  mixing 
tube  at  Inboard  end  showed 
e\M der.ee  of  a strong  vortex 
within  first  6 Inches  of 
mlxlirii  tube  length. 
Measurements : 

a.  Suction  slot  flow 

b.  Mixing  tube  static 
pressure  distribution. 

c.  Suction  slot  average 
temperature , 

No  reverse  flow  In  suctlor. 
slot.  No  evidence  of  the 
vortex  as  found  in  Run  15. 
Suction  duct  flew  was 
studied  with  a wool  tuft. 
Measurements : 

a.  Suction  slot  flow 

b.  Mixing  tube  static 
pressure  distribution 

c.  Suction  slot  average 
temperature. 

Similar  characteristics  of 
Run  16.  Suction  duct  flow 
was  studied  with  a wool 
tuft. 

Moo  0 • 

WUIW4JVO  • 

a.  Suction  slot  flow 

b.  Mixing  tube  static 
pressure  dj  sti'lbutlon 

c.  Suction  slot  average 
temperature . 

Verification  oi  Run  16. 


19  Throat  width  C.  Performance  run. 

Slot  shape  throttle  F.  .Measurtments : 

Ail  oascadod  turning  Steam  p-^  . = 224  pslg 

vanes  Installed.  _ 5^30^;. 

a.  Suction  slot  flow 

b.  Mixing  tube  entrance 
throat  Stacie  pressure 
distribution 
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; 
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I 
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I 

I 

I 

I 
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Run  No.  Conf Ifmratiorj 


Remarks 


• t /*• 

i-  ■-. 

• • -y. 

-Z^-f 


; f 


20  Throat  width  C. 

Slot  shape  throttle  F. 
All  cascaded  turning 
vanes  installed, 

21  Throat  width  C. 

Slot  shape  throttle  P. 
All  cascaded  turning 
vanes  Installed. 

22  Throat  wldtVi  C. 

Slot  shape  throttle  F. 
All  cascaded  turning 
vanes  Installed. 

23  Throat  width  C. 

Slot  Shape  throttle  P. 
All  cascaded  turning 
vanes  Installed. 

24  Throat  width  C. 

Slot  shape  throttle  P. 
All  cascaded  turning 
vanes  Installed.  Two 
different  sizes  of  exit 
orifices  were  installed, 


25  Throat  width  C. 

Slot  shape  throttle  P. 
All  cascaded  turning 
vanes  Installed.  Exit 
orifice  diameter 
ratio  = 1.0. 


c.  Mixing  tube.stallc 
pressure  distribution. 

d.  Mixing  tube  tempera- 
ture and  total  pressure 
survey  at  stations  A 
through  P. 

Performance  run. 

Koasurements: 

Same  as  for  Run  I9.  Steam 
Ptj=253  pslg,  t =“  660®P. 

Performance  run. 

Measurements: 

Same  as  for  Run  19 . Stsara 
Ptj=275  pslg,  t=653®P. 

Performance  run. 

Measurements: 

Same  as  for  Run  19.  Steam 
Ptj“300  pslg,  t=657®P. 

P erf oriiiarjcs  run . 

Measurements: 

Same  as  for  Run  19.  Steam 
Ptj*327  pslg,  t=660®P. 

Test  to  establish  maximum 
pressure  ratio  for  incip- 
ient reverse  flow  In 
section  slot. 

Measurements: 

a.  kjUUbXon  slot  flew 

b.  Mixing  tube  static 
pressure  distribution 

Referenct;  run  for  Runs  26 
and  27. 

Measuremt  etc: 

Steam  ptj=303  pslg 

t =653 “P 

Suction  slot  flow 
Mixing  tube  entrance 
throat  static  pressure 
distribution 
Mixing  tube  static- 
pressure  distribution 
Mixing  tube  temperature 
and  total  pressure 
burvej  at  station  P. 


a. 

b . 


0 . 


d. 


Remarks 


Conf  IguratlGTJ 

Same  as  Ru»  23 
except  exit 
orifice  diameter 
ratio  = .908 

Ssime  as  Run  25 
except  orifice 
diameter  ratio  = 


Performance  test  with 
additional  prebsuro  ratio 
Measurements  same  as  for 
Hun  25. 

Performance  test  with 
additional  pressure  ratio 
.824  Measurements  same  as  for 
Run  25. 
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Exit  Orifice 


ure  I,-  Planform  outline,  side  Inlet,  steam-air  Jet -pump. 
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Igure  3--  orifice-  le-s  tailuL  lor  . 
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Flgur(j  6.-  Arrangemerjt  of  mixing-tube  static  pressure 


Figure  Arrangement  of  suction-slot  pressure  tape. 


on  right. 


taps . 
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Figure  9-~  Wui.tltube  manoiceter  with  static  pressurf^s  of 
suction  slot  on  left  and  rnlxlng-tube  throat 
on  right. 


Figure  8.-  Suction  slot,  static-pressure  taps,  and  cascaded 
mlxlng-tube  throat. 


Hultitube  manometer  with  mixing-tube  static 
pressures  on  right  and  inboard  suction-slot 
static  pressui'GS  on  left. 


Igure  10 


m 

L 


34 


Pull  Soale 


Plgure  12 Wlxlng"-1;ube  temperature  survey  probe 
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Full  Scale 
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brass  tubing 


. brass  tubing 


Figure  13,-  Wlxlng>tube  total»-proB8ure  surrey  prq^. 
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KOTiCE:  WEEN  GOVERNMENT  OR  OTHER  ORAWIWaS,  SPECIFICATIONS  <5^"WkER  DATA 
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